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controversy was widely covered in American newspapers, was touted as a confirmation of astronomical theory, and prompted Dana to note that it was of "much general as well as scientific interest." The Neptune controversy and the reception of the Foucault pendulum, however, differed in the depth of public participation. Whereas the Neptune controversy attracted only researchers, the Foucault pendulum attracted researchers, practitioners, cultivators, and others. The Foucault pendulum' s popularity was a result of its highly visual effect, its illustration of a basic physical principle, its use of readily available apparatus, and its ability to fascinate observers. This last result can still be witnessed today at science museums around the world.'
FOUCAULT AND HIS PENDULUM
In France, Jean Bernard Le6on Foucault was the leading experimental physicist of his day. (See Figure 1. ) While working on a clock with a conical pendulum to keep a telescope continuously focused on a heavenly body during the long exposures required for midnineteenth-century photography, Foucault placed a steel rod in a lathe. After accidentally bumping the rod and causing it to vibrate, he noticed that the rod tended to maintain its plane of vibration even when rotated. He perceived that if an oscillating pendulum maintained its plane of vibration-as the rod did-it might provide a mechanical demonstration of the earth's rotation. On 8 January 1851 Foucault vibrated a pendulum two meters in length. To his delight, the pendulum maintained its position while the floor gradually moved along with the direction of the earth's rotation.4 Discounting air resistance and friction at the point of suspension, the only forces acting on Foucault's pendulum were the pull of gravity and the tension of the wire, so that it oscillated independently of the earth's rotation.
On 3 February Foucault repeated the experiment before the Academie des Sciences in the National Observatory with a pendulum eleven meters in length. He determined that the period for the apparent precession of the plane of the pendulum's oscillation around the circle described by the pendulum's arc of oscillation varied by latitude: at the poles a complete precession took almost exactly twenty-four hours (one sidereal day), at the equator there was no precession, and in between the poles and the equator the period was inversely proportional to the sine of the latitude where the pendulum oscillated. By graduating the radius of the circle described by the pendulum's arc of oscillation, Foucault demonstrated that the earth had moved from the pendulum's plane of oscillation-compelling proof of the earth's rotation even to an unscientific observer. In March 1851 Foucault, at President Louis Napoleon's request, performed the experiment at the Pantheon in Paris with a gigantic pendulum sixty-seven meters in length. This dramatic demonstration attracted large crowds and sparked the pendulum mania in Europe and the United States.5
GREAT BRITAIN
Britons also exhibited great enthusiasm for the Foucault pendulum. In Great Britain, the pendulum vibrated before crowds in at least six cities. Londoners showed particular interest, watching demonstrations in at least five places. The Athenwum observed that the Foucault pendulum "has been the subject of so much popular notice ... that it would be needless to go into a particular description of its nature or object." In both Britain and the United States, the most widely circulated account of the experiment was that published by the London Globe on 5 April 1851. Heralding Foucault's discovery as "one of the most remarkable of the modem verifications of theory," the Globe observed that the experiment aroused "feelings of profound interest and excitement." The earth's rotation was "rendered actually visible to the crowds which daily flock to the Pantheon to witness this remarkable experiment." The Globe incorrectly reported that at the Pantheon the pendulum's plane of oscillation precessed at the rate of fifteen degrees per hour, making a complete revolution every twenty-four hours.6
On 8 Several Americans made efforts to remedy the Globe's errors. People in and around Boston first learned of the Foucault pendulum from the Boston Evening Traveller's reprint of the Globe, but Benjamin A. Gould, a Cambridge astronomer and editor of the Astronomical Journal, submitted a correction to the Evening Traveller as a public service because the Globe's account was "incorrect" and "unintelligible." Gould's article was not widely reprinted, unfortunately, and it had minimal impact on popular reception of the Foucault pendulum. Indeed, Gould's account did not disabuse all of the Boston newspapers of the Globe's errors. Two other Boston newspapers, the Morning Commonwealth and the Evening Transcript, repeated these mistakes. In Washington, readers learned of the Foucault pendulum on 22 April when the Paris correspondent of the National Intelligencer reported on the "beautiful experiment which all Paris is flocking to the Pantheon to see, and which is being repeated all over France and Europe." On 7 April the correspondent had visited the Pantheon to see the demonstration, but he waited until publication of Foucault's presentation of the experiment to the Academie before sending a report to avoid the "palpably gross errors" that appeared in the Globe and other newspapers. He also translated Foucault's notice into English. The National Intelligencer's account was not only the earliest American announcement of the experiment; it was also the most complete. In Newark C. Dowden, a correspondent of the AAAS, conducted an unsuccessful repetition in July. In an article for Appletons' Mechanics' and Engineers' Journal, Dowden explained that scientists had "jumped to a hasty and premature conclusion" in asserting that a vibrating pendulum could provide a visible proof of the earth's rotation because of two "unjustifiable" assumptions: that friction at the point of suspension was nothing and that the pendulum could vibrate independently of the earth's motion. Dr. William Kitchell, a member of the AAAS, and two other gentlemen repeated the experiment with a pendulum thirty feet in length at the New Jersey Art-Union Gallery in Newark. After numerous trials made over several days, they reported to the Newark Advertiser that the result was "invariably ELLIPTICAL MOTION!" While it might have been theoretically possible to take sufficient precautions to repeat the experiment successfully, they "reluctantly" concluded that air resistance and the impossibility of bringing the pendulum completely to rest before starting were "insuperable obstacles to its practical performance." After consultation with Dowden, Kitchell reasoned that Foucault's demonstration at the Pantheon and subsequent American exhibitions must have been "vitiated" by "unobserved errors." They boldly proposed another method to demonstrate the earth's motion with a pendulum by measuring the deviance between the calculated motion and the observed motion of the apsides of the ellipse. They hoped that Strong would determine the angular motion of the ellipse of a given pendulum so that they might perform the experiment. Assuring them that the Foucault pendulum demonstrated the earth's rotation, Strong offered to repeat the experiment for doubters. Dowden remained unconvinced, believing that he had a "positive duty" to reject the Foucault pendulum because its "advocates cannot agree among themselves," its proofs were "impossible," and its workings "absolutely absurd."28 Westerners expressed less interest in the Foucault pendulum than inhabitants of the other regions of the United States. With few cities, a short tradition of science, and a mobile population, the West lagged behind the South in the number of scientists produced and employed. Cincinnati led the West in science with three societies: the Western Academy of Natural Sciences, the Cincinnati Astronomical Society, and the Ohio Mechanics Institute. In late June John Locke yielded to popular demand in Cincinnati and vibrated an eighty-foot pendulum at the Ohio Mechanics Institute. On 13 June Dr. John L. Smith, a member of the AAAS, exhibited the experiment at the medical institute of the University of Louisville. Throughout July John Wise, an aeronaut and correspondent of the Smithsonian Institution, performed experiments relating to the Foucault pendulum from his balloon above Zanesville and Columbus, Ohio. Wise observed that oblong pieces of paper, an empty pint bottle, and two pieces of board dropped from the balloon at an altitude of one mile all "spun on their axes." Wise reported to newspapers and the Scientific American that these objects partook of the same "rotary and gyratory motion" that gave the Foucault pendulum's "variation with a given line."29
The efflorescence of popular demonstrations by cultivators in the United States was stimulated by the public, newspaper editors, scientists, and the demonstrators' own desire to witness the earth's rotation or to participate in a scientific controversy. Not wanting to be left out of the excitement of pendulum mania, people in cities that had not enjoyed a public exhibition of the Foucault pendulum called for demonstrations. Even though the experiment had been confirmed many times before, a correspondent of the Tuscaloosa Observer noted that "every person finds it gratifying to be able to verify so remarkable a phenomenon with his own eyes." In Boston, Providence, Pottsville, Columbia, and Cincinnati, demonstrators yielded to popular demand for public exhibitions of the Foucault pendulum, and other public demonstrations were probably due in part to such pressure. Newspaper editors were well placed to make such requests. The St. Louis Intelligencer pleaded for a "philosopher" to conduct the experiment in the rotunda of the courthouse to satisfy the curiosity of "thousands of our citizens" and to settle the dispute over the Foucault pendulum. The New-York Tribune recommended that the experiment be conducted on a "properly graduated clock dial" to "make old mother earth mark her own time" and to "tell the flight of time with an exactness hitherto unparalleled." Apparently both calls went unanswered.30
Newspaper editors also encouraged cultivators to perform demonstrations of the Foucault pendulum by noting the simplicity and beauty of the experiment and recommending its repetition. The Washington Republic noted that the "experiment can be tried at a trifling outlay, and is certainly one of interest." The Albany Argus observed that the Foucault pendulum had the "merit of being simple, and easily got up." The Boston Evening Transcript noted that the "experiment may be easily tested in private houses as it is very simple." The Springfield Republican exclaimed that the "experiment is so simple, the developments in its operation so wonderful, and the demonstration so beautiful, that the mind must be dull indeed that is not deeply interested in it." A correspondent of the New York Herald observed that the "experiment can be performed by any person, down the opening of a circular staircase in a dwelling house or other building." Not all editors encouraged cultivators to conduct their own demonstrations. Despite the apparent simplicity of the experiment, the International Magazine cautioned that "it should be attempted only by sci- Some researchers and practitioners encouraged cultivators to perform the Foucault pendulum experiment. Horsford informed the Boston Evening Traveller's readers that "this beautiful experiment is so simple that it may be readily repeated in most of our dwellings," as it required only a screw, a small weight, and a slender metal wire. Locke gave several tips to the readers of the Cincinnati Commercial who hoped to repeat the experiment, detailing the mode of suspension, the shape of the bob, and the type of wire. To allay concerns that a suitable pendulum must be made on a grand scale, Locke reported that he had "succeeded perfectly" in performing the experiment with short pendulums, including one only thirty-nine inches long. Lewis R. Gibbes, professor of astronomy at the College of Charleston, told interested persons not to be discouraged from performing the experiment for want of a proper pendulum. "Any heavy body suspended, free from friction, with a rod projecting from it horizontally, will indicate the motion as truly as a pendulum," he explained, though it "would be more liable to disturbance from extraneous causes. "32 Not all demonstrators encouraged cultivators to perform the experiment. Quoting Sylvester' s warning in the London Times, John L. Smith asserted that supposing the Foucault pendulum to be a "popular" experiment was an "egregious error." Smith observed that the Foucault pendulum demonstration was "not so easily understood or so readily performed" as many newspaper accounts suggested. Elias Loomis warned the readers of the Literary World that the "difficulties in the way of subjecting these results to the test of experiment are very serious." Avoiding air currents and making sure the pendulum was at rest before beginning the experiment were crucial for success. To avoid these "evils," Loomis ob- Cultivators and others also offered explanations of the Foucault pendulum. Perhaps the most interesting exchange took place in Providence. The explanation made by W. for the Providence Journal, which included awareness of the perturbing effects of air resistance and friction at the point of suspension, won praise from Caswell, who called the writer an "ingenious scientific friend." Not all cultivators were so clever. Admitting no expertise in science, F. could not reconcile the twenty-four-hour rotation of the earth with the thirtyfive-hour apparent precession of the pendulum's plane of oscillation at Providence. Despite making no pretensions "to controvert the calculations and conclusions of learned professors," F. offered a theory of his own: the pendulum partook of the earth's rotation and completed a revolution every twenty-four hours. Proposing that scientists were "a little too fast in their calculations," he called for experiments to be continued until a complete revolution of the pendulum's plane of oscillation was achieved. Despite several explanations published in the Providence Journal, F. remained unpersuaded, contending that scientists had "been egregiously humbugged with a scientific nonentity." After F. challenged "any learned man in the world" to show by theory or experiment that a pendulum could oscillate independently of the earth's rotation, several accepted. One correspondent conceded that most of the explanations of the experiment printed in the Providence Journal contained too many "sines, cosines, tangents, and A.B.C.'s" to be interesting for the general reader but accepted the experiment as valid because of Airy's endorsement. Another explained that the Foucault pendulum capped the Scientific Revolution, exhorting that everyone who gave the matter some thought must exclaim, like Galileo, "Yes, the earth no sources, they asserted that the pendulum followed the magnetic meridian and "is unpreserved"; but the South-Carolinian, "to whom I had given the plainest copy, made sheer nonsense" of it. After the editor of the South-Carolinian ignored Williams's pleas to publish a correction, the poor scientist feared for his reputation. Williams's difficulties reflected the tension between accuracy and accessibility that researchers and practitioners faced when relying on newspapers to popularize physical science.
American religious spokesmen also participated in the pendulum mania. Rather than extolling the Foucault pendulum as proof of divine law, Methodist, Presbyterian, Baptist, and Universalist journals followed the secular press in marveling at the experiment. Although an able experimenter could keep the ellipticity small, Lyman doubted that it would be possible to "conduct the experiment so skillfully as entirely to avoid these sources of error." Even with "theoretically perfect" conditions and apparatus, Lyman reasoned, the pendulum would travel in a slightly elliptical motion because of the earth's rotation. Only at the equator would it be possible to vibrate a pendulum without any elliptical motion. Lyman blamed "imperfections in the apparatus," lateral vibration of the pendulum "at the moment it is disengaged," and especially air currents for producing sufficient ellipticity to make an unsuccessful demonstration. Observing that even a "single breath" could disrupt a demonstration, he contended that the "wonder is, not that the experiments exhibit some discrepancy in results, but that they show so little." 46 Reviewing demonstrations of the Foucault pendulum, Lyman praised Foucault's ingenuity but found American exhibitions of the experiment superior to those performed in Europe. (See Figure 3. ) He noted that the pendulums at Bunker Hill, at Providence, and at New Haven were longer than those vibrated in Europe, except for Foucault's pendulum o~~~~~~~~~~d o o0 w onstrations or provided public explanations of the experiment. Their reticence is puzzling, as these two men were among the leading popularizers of physical science in the antebellum United States and they took advantage of almost every opportunity to attract attention to themselves and their observatories. Perhaps Mitchel and Maury found the field too crowded with demonstrators. Bond and Horsford had already conducted the most famous American exhibition at Bunker Hill, and many others had performed demonstrations as well. To follow the crowd would gain neither Mitchel nor Maury special distinction. 48 Other prominent American scientists, including George P. Bond, Benjamin Peirce, Sears C. Walker, Alexander Dallas Bache, James Curley, and Joseph Henry, did not perform public demonstrations of the Foucault pendulum or make public comments on the experiment. Not wishing to be caught up in the excitement of pendulum mania, these researchers attended public demonstrations, repeated the experiment in private, discussed it among themselves, or took no notice of it. Inspired by his father's repetition at Bunker Hill, George Bond, en route to observe a solar eclipse in Norway, visited the Pantheon in June to see the experiment and meet Foucault. Although Peirce, Perkins Professor of Astronomy at Harvard College, and Walker, an astronomer in the United States Coast Survey, had precipitated the Neptune controversy, they shied away from pendulum mania. Peirce left no recorded reaction to the experiment. Walker wrote a letter to an unidentified correspondent in Cincinnati, probably his brother, explaining it. He dismissed the "many vague and trifling articles in the newspapers on the subject of Foucault's Pendulum experiment." Delighted by Wilkes's demonstration at the Capitol, Walker regarded Foucault as "another Galileo in this discovery" and marveled that "so simple a thing should have remained untried for so long." Walker's correspondent sent the letter to the Cincinnati Commercial to explain the experiment. Bache, superintendent of the United States Coast Survey, devised a simple method to determine whether a wire was sufficiently flexible in all directions to be used in a demonstration, which won praise from Lyman. The Reverend James Curley, director of the Georgetown College Observatory, performed the experiment at Georgetown College and requested that Henry do so as well. Henry repeated the experiment in private at the Smithsonian Institution. He tried to produce the "same effect" by floating a glass disk on water but found that friction was too great. Despite the Smithsonian policy of answering scientific questions and three public requests that he "explain the whole thing," Henry made no public comment on the Foucault pendulum.49 Perhaps Henry's silence on the subject can be attributed to a desire not to encourage pendulum mania, which he ruefully observed had "caused great excitement" in the Washington area. After reading accounts of the experiment and performing repetitions with an eleven-foot pendulum, Samuel Tyler, a lawyer from Frederick, Maryland, and a leading American philosopher, informed Henry that the Foucault pendulum was an "entire delusion" which "in no degree indicated" the earth's rotation because the pendulum's oscillation always deviated into an ellipse. An ardent Baconian, Tyler maintained that Foucault erred by considering the pendulum's oscillation as a "problem of rational mechanics," that only limited public explanations. Two researchers, Ormsby M. Mitchel and Matthew F. Maury, finding the field of pendulum demonstrators too crowded, waited for a better opportunity to draw attention to themselves and their observatories.
The geographical distribution of interest in the Foucault pendulum, as indicated by the number of public demonstrations and newspaper articles relating to the experiment, challenges assertions made by historians about the diffusion of scientific knowledge and the level of scientific activity in the antebellum United States. No other American city had as many newspaper articles on the Foucault pendulum and as many public demonstrations of the experiment as Boston and Washington, though Providence, Albany, and Trenton were next in order. During the three months of pendulum mania, five Boston newspapers printed over fifty articles relating to the Foucault pendulum, and two Washington newspapers printed over forty articles on the experiment. These articles included accounts and notices of local demonstrations, reprinted reports of other American demonstrations, and letters questioning or explaining the experiment. The people living in the Boston area enjoyed five public demonstrations of the Foucault pendulum; the people of Washington, four. These figures suggest that while New England led the way in the pursuit of science and the West lagged behind, the South was not so far behind the mid-Atlantic states as historians have previously asserted.
